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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a coating onto the glass substrate which expresses 
phtocatalytic activity and affords hydrophilicity and stainproof property effectively decomposing 
contaminated organic materials adhering to the surface of the glass substrate without affecting 
proprietary functions of reflecting heat wave and durability. 

SOLUTION: This method comprises the following steps of spraying a solution comprising a 
titanium compound onto the surface of a glass substrate heated at the temperature of 500** C 
or higher, forming a primary coating comprising titanium oxide of 40 to ICQ nm thickness 
through thermal decomposition followed by reheating at the temperature of 550 to 650*" 0 to 
form a secondary coating comprising titanium oxide. 
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♦NOTICES* 

<fO and NCIPI are not r««pon»ibl« for any 
daaac** c«u»«d by Vtm usa of this translation. 

1. This doonent has been translsted by computer. So the translation may not reflect the orighai 
precisely. 

2. **** shows the word which can not be translsted. 
3.ln the drswrinKs. any words are not translated. 



CLAIMS 



{Gta*m(a)] 

[Claim 1} The manu^cture approach of the multifunclional photocalslyst fibn coverirts glass 
characterized by reheating the first titanium oxide coat which has 40-tOOnm of thicivtess 
covered on the glass substrate in temperature of 550-650 degrees C. artd forming the second 
titanium oxide coat. 

(Claim 2] The Iv-st titanium oxide cost b the maru^cture approach of the muhifuncticrial 
photocatalyst 61m covering glass according to claim 1 viMch carries out spray spraying of the 
solution which becomes the glass substrate front face heated at 500 degrees C or more from a 
titarwum compound, and is characterized by the pyrolysb and making it come to form 
membranes. 

[Cbim 3] The manufacture approach of multifunctional photocatalyst film covering glass 
accordng to claim I or 2 that a light reflection factor (f9m surface side) is characterized by 25 - 
35% and solar reflectance (fibn surface side) hawinc the host ray reflective en^rM performance 
wMch IS 20 - 30Xb 
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DETAILED DESCRIPTION 



[Detaacd Description of the Invention] 
[0001] 

[Field of the bivention] TNs invention relates to the manufecture approach of the multifunctional 
photoG«t«lyst fihi coverirv ifass of htih endMvwe of having the suitable heat ray reflex 
fi«iction for a structiral whdowpane. the windowpane for cars, etc an antifbtdng function, and 
wi iiiyrowe m e n t function in visUrty by the hydrophXc property. 
[OOQd 

Q>escription of the Pfior ArO The hest reflective |bss by the tiUnium oxkle coat cover* the 
heat ray th the stavsys «(hich carry out incidence from the apertwe of a buSding or a vehicle, 
and it is used for mitigation of a coolant load, or it is effective in making it hard to be vi$a>le in 
the nterior of a room^ and protecting privacy by the high reflexarility in a visible region, many 
thmci are developed untB now. and it appGes also far many patents. For example, it has orte 
octylene glycol and acetytacetone in JP.54-t2232M as • chelate Bgand. or the pyrolysis of the 
titanwn confound which has at least one isoprapoxy group or a butoxy radical n carried oU to 
it on a glass front face, and the a p pro a c h of fbmwig a coat is aMScatsd in titanium oxide. 
(0003] 

[Problemb) to be Solved by the InventiorO However, since a coat side b irrecular compared with 
the usual glass front face, it can be [ that the pdkjtant in a t m o sp heric air tends to adtere ) hard 
to use for the windowpane of a buihfing etc. the sheet glass with wMch the titanium oude coat 
Micated by said JPA4-122321> was covered, and to take, when it eonstnwU so that a coat 
side may be exposed to an outdoors side again. Moreover, not only with the glass with which the 
titaraum oxide coat was covered but erith usual glass, sealvv agents, such as a sScon sealant 
used in case riieet glass » fixed to a window frame, may carry out degradation with the passage 
of tm. the organc substance contained in a seaBng agent may flow and fal with storm sewage, 
and the appearance of glass may be spoaed remarkably. 
[0004] 

[Means for Solving the Problem] By making this anvention in view of the techreeal problem 
mentione d above, reheatirw the first titanium oxide coat which has 40-lOOhm of thickness 
covered on the glass substrate in temper atu re of S50-650 decrees C, and malung the second 
titanium oxide coat form The multifunetienal photocatalyst Om covering gbss which combined 
the antifoufir« property into which the contamination organic substance which is made to 
dbcover a photocatalyst activity function and adheres to a glasa aubstrate front face b made to 
<Ssassemble effectively, and a hydrophiBc property b offered without spoiling the heat ray reflex 
function and endurance which are eq u ipped conventionally. 

[0005] Tint b. the manufacture approach of the multifunctional photocatalyst film covering glass 
of tMs invention b characterized by rriteating the first titanium oxide coat which has 40-10(kim 
of thickness covered on the gbss substrate in temper a ture of 5SO-650 degrees C. and fbrming 



[0006] Moreover, the first titanium o»de coat carries out spray spraying of the sokjtion whidi 
be c ome s the gbas substrate front face heated at 500 depves C or more from a titaraum 
compound, and tiie manufacture approach of the multifunctbnal photocatalyst fibn covering gbss 



of thb invention b characterized by the pyrdysb and making it come to form membranes. 
[0007] Furthermore, as for a Bght reflection factor (fakn surface sideX the manufacture approach 
of the multiftjnctional photocatalyst fBm coveri n g gbss of thb anvention b characterized by 
having the heat ray reflective engine p erf or man ce an which 25 - 35% and solar reflectance (film 
surface side) are 20 - 30Kl 
(OOCtt] 

OEmboAnent of the bivention] The manufacture approach of the multifunctional photocatalyst 
On covering gbss of thb invention can be manufactured accordrng to the following processes. 
(1) 500 — devee C — mve th»i — having heated — a gbss substrate — a front face — a 
titarMim confound — becommg — a sokition — a spray — spraying — carrying otA — a 
pyrdym - mem b rane formation — carrywig out — making — tfiickness — 40 - 100 ~ nm — 
having — primary — titanium o»de — a coot — covering — a process — (— two —) — 
prnivy — titwwn oxide — a coat — 550- MO — depee C — temperature — reheating — 



[0009] As a titvwan compound which can be used for thb invention, there are titanium propoxy 
octylene glycoiate. JI propoxy screw acetybcetonato titarwaa titanium stearate. titank«n 
isoprepoxy octylene CURDCOKISHI diacetyl acetonsta. ete. as a titaniwn tetrachloride and an 
organic titman con^wund as an inci gan i o titaraum compound. The sokition which consists of 
these compounds can be pyrolyzed by carrymg out spray spraying cn the glass substrate front 
face heated by 500 deyees C or more mentioned bter. and can form a titanium oxide coat. As 
the af ereme n ti w ied <&wnt solvent far exampb bt addition. hy<ferocarfaons and halegenated 
hydro ca rbon. UUkk^ into SOD depees C or more gbss substrate temperature at the time of 
what does not contain motsture. such as akahob. ether, ketones, ester, and fatty acids, forming 
said fvst desirabb titaraum oxide coM Ifit b less than 500 de^ees C in substrate temperature, 
whae the pyrolysb of an organic titanum compound wB not happen efficiently. b(A beconwtg a 
coat containing iVKfecoR^xxsed residue and reducing bond atrength and an appearance 
remarkably, it b for a photocatalyst activity function and a heat ray reflex furwtion abo faffing. In 
addUon. substrate temperature has the more desirabb range of 530-630 degrees C. and spoib 
( when it b 630 decrees C or more, defarmation of a gbss substrate may ttfke place, and / 



]■ 

[0010] Next, the gbss substrata with which the first titanium oxide fibn was covered is reheated 
in temper atu re of 550-650 degrees C. and the second crystsEne h^ titanium onde coat b 
made to form more, tt b because the crystalSne fall of the titaniumr-ox'ide coat by the efcition of 
the aBiafi component contained br» a gbss substrate or the transition to the rvtile form crystal of 
tite anatase form crystal of titarnum oxide takes place »i the case of the temperature which 
sufficient photocatalyst activity function does not take pbce since the crystaHinity of the 
titwvum oxide coat formed as it b less than 550 degrees C in temperature does not become 
NgK artd exceeds 650 degrees C arkd sufficient photocatalyst activity hjnction stops being 
dbcovered. In addition, although it does not Emit especbOy as the holding time of reheating, for 5 
- 15 minutes b more preferably good more than for 5 minutes. Even if crystsOirHty does not 
» but it exceeds for IS rrurwtes in case of under for 5 mirwtes. crystslSnity does not 



mcrease any more, or p 

[001 1] The thickness of the titanium oxide coat obtained by thb invention Even if it r^aU at 
the aforementkvwd temperature of 550-650 degrees C with it being required to be 40-10(kvn. 
ar>d it bevig less than 4anm thickness, the crystallinfty of titaraum oxide does not increase, 
atthough a photocatalyst activity furxrtion w3l ir>crease if a heat ray reflex fwietion abo faDs and 
lOOrvn tMckness b exceeded, whae sufficient photocatalyst activity function b not dscovered - 
- the excitation purity of a reflected color — high — t>ecomir>g — the interference color of a 
dvomatic color — appearing — an exterior — it b not desirabb. Moreover, the Gght sobr 
radbtion reftective engine per f or ma nce faOs. 

[0012] The sccotkI crystalGne high titarMum oxkfa coat obtained by the above reheating methods 
Even when the hyd^rjphilic property will be mainteirwd by the front face of tNs coat and <firt. 
such as exhaust gas and dust, adheres temporarily, whib a part for organic b decomposed by 
the photocatalyst effectiveness Since thb coat frwA. face b a hydrophiiic property, by rain or 
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pouring water artificbOy. water enters between a coat front face and <Srt. and «firt floats, and 
fk>w$ artd comes off. 

[0013] As for the photocatalyst coat covering gbss obtained by the approach of this invention, 
the variation of peak intensity have ft»ther the high erKkirance which maintained the balance 
vMch solar-radiation *»»* * ** » ( film-surfaco side) corriMne with ten or more outstanding 
antifouling property in evakiation of the outstandirig hydrophiUc property to which the contact 
angb seven days after setting to the evakiation of hydrophilb maintenance nature mentioned 
bter maintained 30 degrees or more, and photocatalyst activity. 

[0014] frt adcfition. the photocatalyst coat covering ^ss which has the secortd cryst^ine high 
titarmim oxide coat obtained by thb invention When the ultraviolet rays included in sunlight a 
fluorescerrt bmp. eta are irradbted. while the operation (caOed an oxidative degradation moW 
reaction) which (Ssassembles the organic substar)ce which adhered to this coat front face 
acconfing to the photocatalyst effectiveness, and maintains the front face of a coat at 
dariftcation is shown Hydrophtiization (called a super -hy di ophirtc-property mold reaction) abo of 
the front face of the tiUnkim oxide crystal itself is carried out and the variation of peak 
intensity has ten or more outstarKfing arttifouliruE property in evakiation of the outstanding 
hy^vphilic property to ¥vhich the contact angb seven days after setting to evakjation of the 
hyd^ophiBc maintenance nature shown in the example nr>entioned later maintained 30 degrees or 
more, and photocatalyst activity. In the case of the coat of the crystalline titanium oxide simple 
substance which has the photocatalyst operation which does not carry out reheating of a 
cortventional method, whib uhravioict rays ere irradbted. a photocatalyst operation b active, but 
Although it wiO return to the hydrophobtcity of titanium oxide origjfu! comparatively for a short 
time if subsequertt ultraviobt rays are intercepted even if hycfrtiphilizatjon is once carried out by 
UV irr8(fiation. once ultraviolet rays are no bnger irradbted The titanium oxide coat obteined by 
the approach of thb invention has the description which has the engirw performartce which 
maintains a hydrophtlb property in a long period of time, whether ultraviobt rays are btercepted 
or ultraviolet-rays reirrforcemerrt becomes a weak situatioriL Furthermore, it has the high 
endurarwe in which the photocatalyst coat covering gbss obtained by the approach of this 
inverrtion mairttained balance by various functions wNch solar reflectance (film surface side) abo 
has 20 - 30% of outstanding heat ray reflective en^ne performance, and also have the rt>ove' 
mentiorwd hydrophtfic property and antifouling property. 
[0015] 

[Exampb] Hereafter, an exampb expbtrts thb irrvention coix»-etely. However, thb invention b 
not bnited by these examples. In addition, the foDowing evaluation was performed about the 
obteined sampb supposing the antifouling mp&rturo material used for ^leathing. such as a 
buihfing. In adcStion. abrasion resistance, acid resistance, and alkali resistance were evaluated 
based on A of JIS-R -3221 (heat reflective gbss). An evakution resuK b shown in Tabb 1. 
[0016] CThe evdustion approach) 

** Abrasion resistance JIS R Based on the wear-resbtant test method given in 3221. wear 
wheel CS-10F artd bad SOOgf estimated the haze vakie by the Taber's abrasion resistar>ce test. 
The early haze value HO. the haze vakM H100 of 100 times after, ar>d the haze vakie of 200 
tanes after was [ H200 ] HO <=H100 <=H200. and evakiation considered the case where haze 
variation **H of the first stege and 200 times after (♦♦H=H200-H0) was ♦•H<=4% as success 
(O). end made rejection (x) H100>H200 or a *«H>4% thing. 

[0017] acid resistance JIS R the hydrochloric acid of I convention kept at 23 degrees C ^2 ' 
dep-ees C based on the acid-proof test method given in 3221 — after 24-hour immersion and a 
stream — it wiped away ar>d dried in flanr>el in irtside. and the appearartce was evaluated. 
Evaluation considered the case where there was no remarkabb appearance change as success 
(O). and when remarkable discoloration or a remarkable bbmish entered, that in which the film 
exfoEated was taken as r^ection (x). 

[0018] ** AlkaK-proof JIS R Alkali-proof test method given in 3221. the sodiu m - h ydroxide 
solution of 1 convention kept at 23 degrees C **2 decrees 0 — after 24-hour inwnersion and a 
stream — it wiped away artd dried in fbnrtel in irtside. artd the appearance was evakiated. 
Evaluation cortsidered the case where there was no remarkable appearance change as success 



(OX and when remariiabb discoloration or a remarkabb blemish entered, that in which the fibn 
exfbfiated was taken as r^ection (xX 

[0019] ** ft b whenever [ disassembly / of stearin acid ] and the photocatolyst activity of the 
capacity which dtsassembbs the dirt with whbh the photocatalyst activity firont face was stained 
L The evaluation approach b Paragon. 1000 (FT-IR made from PerkinnEbner a 



spectrum equbment) b used. The peak intensity (absorbance A) resulting from the C-H 
stretching viMration of the stearin acid which appears from 2910em-1 to 2920cm-1 After [ A1 ] 
bracfiatirv AO and ul tr a v iol e t rays stearin acid spreading before Ab for 1 hour at the time of 
stem acid spreadmg. it asks, respectively. Variation of peak intensity: KAO-Ab) -(A1-Ab)) 
xlOOO were computed, and it considered as whenever [ (fisassembly / of stearin acid ] 
(photocatriyst activity becomes MgK so that whenever [ stearin acid decomposition ] b largeX 
[0020] bi addition. spreatSng to the aampb of stearin acid was immersed in the 3wt% stearin 
acid-eth a nol sokition in the sample, and was performed by puOirig up by 8 mm/sec In the source 
of ultraviolet raya. ultraviole t -rays reinforcement on the froc* face of a sampb was made ir«o 4 
mW/cm2 (SfiSnm) usmg bbck light floor EnelSBLB (product made from Toshiia Electrical and 
electric equipment). Evaluation conwdered the f»se where the variation of said peak intensity 
was ten or more as auccess. and made less than ten the r^ection. 

C0021] ^ Abo as for a hydrophOe property being mabitained to some extent the frvnt face by 
which hyifrophffization was once carried out n addUon to photocatolyst activity was important 
for hyibx>phaic maintenance nature antifouKng property, and the contact angb over water after 
leaving it in the laboratory under the e nwronmen t bebw uftratriobt-rays on-the-strength 1 
microwatt/cm 2 (365nm) estimated hydrophific mMitenanoe nature for seven days after sampb 
production. The contact angb theto of seven days after considered thete<=30 depves as 
success (OX and evakiation showed thete> 30 degrees by rejection (xX 

[002^ (Exampb 1) As an organb titanium compound, 2.Qg, 2. and 4 2,4-penUnedione (product 
made from KISHIDA Chemistry) was mixed for 33.2g. 2 ethyl 1. and 3 hexandbl (Tokyo formation 
MakeX 61. 6g was mixed for 3.2g and di cH oromethane CTokuyama make). JI propoxy screw 
acetybcetonato titanium (Nippon Soda Co^ Ltd. make) was stirred enough, and coatirtg liquid was 
obteined. Next after havirtg made it stay for 6 mirnites into the ebctric furnace aet as 600 
dev^ees C. having picked out the gbss plate firom the electrb furnace, carrying out ( having used 
the float gbss plate (soda Sme sXcate gbss) with a tMckrtess of 6mm as the substrato by often 
washed 300»nmx300mm. ] 3Qg sprsy of the costing Bqiad bnntedately and carrying out a pyrolysb 
on a gbss substrate front face, it once coobd to the room temperature and the unifbrm titenium 
oxide coat was obtained. When the refractive index of tfw obteined fibn was measured by the 
effipsomter (DVA[ by Mizcyiri Optical Co.. Ud ]-36-smooth S form), it was Z30, and the 
thiduiess nm3arly measured by the effipsomter was 67nni. Moreover, the reflection by the side 
of a fibn surface was measured with the spectrophotometer (Uby Hitachi. Ud.4000 moM). and 
the sobr reflectance of the Bght reflection factor based on JlS-R-3018 was 27J% at 31.7%. 
Next the crysteRine titanium oxide f&n was obteined by putting the titanium oxide coat covering 
gbss into the muffle ebctric furnace FP41 mold (product made from Yamato Science) set as 
600 depees C for 15 minutes, and carrying out reheating processing. The crystal of the obtained 
titanium oxide was a crysteOtne high anatese fbnn cryst^ 

[0023] As a result of the approach of showing the obtwted gbss witi« the photocatalyst fibn 
above estknating. as shown in Tabb 1. it was what photocatelyst activity b as brge as 14 
degrees, artd the sampb b good, and ta 25 de^es abo about hydrophifie mmtenance nature, 
and has sufficient high er>durance even if it uses it for the aperture materia ( a fibn side outdoor 
side) of a buikfing. In adtfitiorv the refractive index of the photocatalyst fibn after reheating, 
tiiickness. a light refbction factor, ertd sotar reftectanee were witii the numeric value before 
reheatvig. the same gbss substrate which does not have a coat as a reference — when the 
outdoor exposure of the independent sampb was actually carried out cfirt was attached and 
cortdition was evaluated, compared with the gbss substrata to which a coat b not attached, it 
was marfcedly alike, and has checked that there was littie <Srt 
[0024] 
[Tabb 1] 
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[0025} (Exsfnple 2) As an organic Utantum compound. 33^g was mixed for Jl propoxy screw 
aeotytoeetonato titanium (Nippon Soda Co.. Ltd. make). 68.8g was mixed for tfichloromethane 
(Tohuysma make), it sirred enough, and coating Bquid was obtained. Next, after carrying out 20g 
mray of the coating Bquid Qia the example I and c a rryin g out a pyrolysts on a glass plate, it 
cooled and the uniform titaniim oxide coat was obtained. The refractive index of the obtained 
On was 2.1 B and thickness was 67nm. The light reflection factor was 28.9% artd solar reflectance 
was 24.4%. Next. reheaUig processing of the glass piste with a titarwjm oxide coat was earned 
out Cke the example >. and the second crystalSne good titanium oxide coat wm obtained As a 
result of the approach of showing the obtMwd glass with the photocatalyst f3hi above 
estimating, the result of having exceDed Qte the example I was obtained. 

[0026] (Example 3} After having made it stay for 8 minutes into the electric furnace set as 630 
devees C with the same coating Gquid as an example 1. having picked out the glass plate from 
the electric furnace, carrying out 2Sg spray of the coating Bquid imme<fiately and carrying out a 
pyrelysis on a glass piste, it cooled and the wufbrm titanium oxide fwst was obtained. The 
refractive index of the obtained fikn w»s 2.28 and thickness was 64nm. The fight reflection factor 
was 32.1% and solar reflectance was 27.1%. Next, reheating processing of the glass pbte with a 
titanium oxide coat was f»rried out Bte the example 1. and the crystalline good titanium oxide 
coat was obtaaned. As a result of the approach of sh oiwir<g the obtained glass writh the 
photocatalyst fftn above estmsting. the resiA of having excelled Oie the example 1 was 
obtained 

[0027] (Example 1 of a comparison) After having made it stay for 8 mirwtes into the electric 
furnace set as 450 fiegrees C writh the same eoatmg Bquid as an example 1. having incked out 
the glass substrate from tfie electric furnace, carrying out 40g spray of the imsting Bquid 
immedbtely and carrying out a pyrolyns on a glass substrate, it cooled and the unifbrm titanium 
oxide coat was obtained The refractive index of the obtained fSm was 1.80 and thicknes s was 
16nm. The Gfht reflection factor wss 9M and solar reflectance was S.7%. Next reheat 
procesnng of the glass plate with a titanium oxide coat was carried out Bie the example 1. As a 
result of the approach of showir« the obtained glass with the photocst^st fttm above 
estimating as shown in Table 1. there were not 0 degree and activi^, and they were as large as 
about 60 deye es . and photocatalyst acrtivity had a probl em in endmnce. for using it as aperture 
material (a Sm Mde outdoor side) of a buiking. ( of hytkvphffic maintenance nature ] 
[0028] (Example 2 of a comparison) Only reheat processing was exckided about the glass pbte 
with a titaraum oxide coat of an example 2. As a result of the approach of showing the obtained 
glass with the photocatalyst f3m above estimating, as shown in Table 1. for 0 degree and acitivity 
do not have photocatalyst activity, and it is as brge as about 58 degrees and using a sample as 
aperture material (a film side outdoor nde) of a buihfing, the problem was in endurance. ( of 
intenance nature ] 

] (Example 3 of a comparison) About the glass pbte with a titanium exkle coat of an 
example 2. reheat processkig was carried out at 700 d^ees (X As a result of the approach of 
showing the obtained gbss with the photocatalyst film wbw estimating, as shown in Table 1 A 
sample carries out ISg spray of the same t»atmg Biiuid 1 as the exampb (example 4 of a 
comparison) t which had a problem in photocatalyst eetivity being smafl. and being as brge as 
sbout 49 deff-ees. and using 8 degrees and actiwty as aperture materbl (a fikn side outdoor side) 
of a buBdaig at endurance. [ of hydrophSc maintenance nature ] It was made the pyrolysis on the 
gbss pbte and the unifarm titanium oxide coat was obtained. The refractive index of the 
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obUned fikn was 2.32 and thickness was 30nm. The Bght reflection factor was Z2XX% and sobr 
reftectanee was 17.3%. Next reheat processing of the glass pbte with a tiUnium oxide coat was 
carried out Bke the exampb 1. 
[0030] 

[Effect of the bwention] As mentioned above, accmrdbig to the manufacture epproach of the 
nultiftjnctional photocatalyst coat covervtg gbss of this invention It is vrfist offers the 
multifunctional photocatalyst Tdm covering gbss w^iich had the improvement 'n visibXty by the 
antifoufing property and the hytk^phflSc property into which the contaminstian organic substance 
which is made to cSscover a photocatalyst activity function and a«tieres to a gbss substrate 
front face b made to (fisassembb effectively, without spoakig the heat ray reflex function and 
endtf^nce wlwch are equipped conventionsly. Since it has endurance sufficient also by the 
cperatvig environment which requires endurance «Meh uses the photocatalyst fBm for an 
outdev side, such as a windowpane of a buiWng. and a windowpane for cars, a hydroplulic 
property, antifbufrig property by the photocatalyst etc it b espedaDy suitaMe. 
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